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ABSTRACT 

A procedure f o r  approximating a c o r r e c t  pe r tu rba t ion  of 

two i n t e r a c t i n g  atoms i n  the  region of overlap was used t o  

c a l c u l a t e  the energy of H2 + . A s  a r e s u l t  of symmetry considera- 

t i o n s ,  t he  r e s u l t s  were not promising. 
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It is  extremely d i f f i c u l t  t o  use per turba t ion  theory t o  

c a l c u l a t e  interatomic forces  when t h e  charge d i s t r i b u t i o n s  of 

t he  two atoms overlap. Thus, we t r i e d  a s impl i f ied  procedure 

t o  c a l c u l a t e  the  energy of Hl. 

not  promising. Our f a i l u r e  was due t o  the  f a c t  t h a t  our zero th  

order wavefunction d i d  not  have the  same symmetry a s  t he  exac t  

Unfortunately,  t he  r e s u l t s  were 

wavefunction which we were seeking t o  approximate. 

I n  a recent  paper of Lyon, Matcha, Sanders, Meath, and 

1 Hirschfelder  , the  energy of the HZ ground s t a t e  was approximated 

c o r r e c t l y  by a per turba t ion  procedure s t a r t i n g  wi th  the  zero th  

order  wave func t ion  

I -- 
where a. and bo a r e  Is hydrogen o r b i t a l s  V;L €?XPtR) 

centered on nucleus "a" and "b" r e spec t ive ly .  A f i r s t  order 

wavefunction f (1 ) 
was obtained together  wi th  the  f i r s t ,  second 

U 

(3) , , and € - <I > 
0 

and t h i r d  order pe r tu rba t ion  energ ies :  € 
0 0 

I n  addi t ion ,  f!? ( 1 )  , the  expec ta t ion  value of t he  Hamiltonian 

wi th  r e spec t  t o  the  wavefunction % -k zceiJ was ca l cu la t ed .  

n 

There i s  another per turba t ion  treatment of H2+ which i s  

not  nea r ly  s o  accurate .  Here a i s  taken a s  the zero th  

order wavefunction so  t h a t  the pe r tu rba t ion  corresponds t o  the  

0 

1 



2 

2 
p o l a r i z a t i o n  due t o  the  nucleus a t  b . The f i r s t  order wave- 

funct ion i s  a and the  zeroth,  f i r s t ' ,  and second order energ ies  
(I> 

0 

CI  > C;z> 
a r e  denoted by t5 , E , and €a . The expec ta t ion  value 

C I  > 
of the  Hamiltonian with r e spec t  t o  the  wave func t ion  

i s  denoted by ~ a c l ~ c  

so  a s  t o  give the  minimum energy when C = C(,n in)  

Q, a 

a + C  a. 
0 

. The value of the  cons tan t  C i s  var ied  

We t r i e d  t o  improve the  polarized hydrogen atom treatment  by 

using the  zero th  order wavefunction % but  approximating the  

f i r s t  order wave funct ion by 
0 

( I  1 
where bo has  the  same func t iona l  form as a:) except t h a t  

it i s  centered on b . Corresponding t o  F , the  

approximate second order energy i s  

M 

W e  ca lcu la ted  E , the  expectat ion value of the  Hamiltonian 

wi th  r e spec t  t o  % t C and var ied  the  value of C s o  

as t o  give the  minimum energy when e = C(min)  . 

-(I ) 

a 
4 

Robinson suggested a somewhat cruder a p p ~ o A l ~ i ~ t i ~ n :  R q l a c e  

is the  Hamiltonian of a hydrogen atom centered a t  a . Thus, he 

obtained the  approximate energy through second order 
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H i s  r e s u l t s  a r e  surpr i s ing ly  acc-urate; w e  don ' t  know why! 

The calculated values for  the  energy of H ~ +  a r e  given i n  

Table 1. The exact energy i s  taken from the very, very accurate  

4 v a r i a t i o n a l  treatment of Peek . 
CI) 4. Fin> 

C= 1 Our new ca lcu la t ions  of Eo + E 9 
0 

N 

and =re not as accurate  a s  we had hoped. We th ink  

t h a t  the explanation must be due t o  symmetry considerat ions r a t h e r  

s imi l a r  t o  those which Robinson discussed i n  connection with an 

i d e a l i z a t i o n  of the diatomic hydrogen ion. Robinson showed , 3 

using a del ta-funct ion model f o r  the e l e c t r o n i c  p o t e n t i a l  energy 

of H2+ t r ea t ed  a s  a polarized hydrogen atom, t h a t  the per turba t ion  

sequence does not  converge a t  large values  of in te rnuc lear  

separat ion,  R . This r e s u l t  i s  reasonable s ince  the s e r i e s  

so lu t ion  cannot decide whether t o  converge t o  the gerade or 

ungerade s t a t e  of the model. I f  t h i s  r e s u l t  can be extended t o  

the a c t u a l  physical  problem, i t  would appear t h a t  energies  

generated by the sequence ( a o '  a J " "  

converge t o  t h e  co r rec t  

) could not C t )  

H ~ +  energies.  

We would l i k e  t o  thank Mrs. Carol Constable for  computational 

ass i s tance .  A l l  ca lcu la t ions  were done a t  the University of 

Wisconsin Computing Center OR a CDC 1604 computer. 



4 

e- 

o 

TABLE I 

Energy of H. +- Ground S ta t e  Calculated by Perturbat ion Procedures. 2 Distances and energies e re  given i n  atomic uni t s .  
nuclear-nuclear i n t e rac t ion  i s  omitted. The values i n  parentheses 
are c(min). 

The energy of 

R 
0.2 

0.6 

1.0 

1.5 

2.0 

2.5 

3.0 

4 . 0  

5 . 0  

6 . 0  

7 . 0  

8 . 0  

9 .0  

10 .0  

1.939101 

1.675558 

1.4286 38 

1.200642 

1.042781 

0.9 32985 

0.855714 

0.759355 

0.704038 

0.668588 

0.643870 

0.625583 

0.611470 

0.600233 

Reference 
Numbers 2 

1.9 14204 

1.601763 

1.357362 

1.166797 

1.0448 39 

0.956048 

0.886504 

0.785385 

0.719472 

0.676405 

0.647503 

0.627187 

0.612155 

0.600520 

1.944548 

1.707971 

1.487675 

1.278635 

1.124025 

1.007247 

0.918102 

0.796640 

0.723296 

0.677663 

0.647906 

0.627312 

0.612194 

0.600531 

3 

-E Cr a c-i  

1.745030 

1.562259 

1.385761 

1.201140 

1.055991 

0.946031 

0.865051 

0.762694 

0.705046 

0.668890 

0.643968 

0.625619 

0.611484 

0.600240 

1.789172 

1.586395 

1.392043 

1.201142 

1.058579 

0.951029 

0.869808 

0.764348 

0.705370 

0.668946 

0.643978 

0.625620 

0.611485 

0.600240 
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(0.67070) 

(0.71386) 

(0.8 1623) 

( 1.0042 1 ) 

(1.22482) 

(1.42535) 

(1.54862) 

( 1.5 1071) 

(1.32521) 

(1.18529) 

(1.10579) 

(1.06380) 

(1.04091) 

(1.02789) 

-zm e=/  

1.748676 

1.582507 

1.414802 

1.235017 

1.095082 

0.989105 

0.908109 

0.795378 

0.724262 

0.678573 

0.648418 

0.627555 

0.612300 

0.600576 

1.792491 

1.605815 

1.421269 

1.235457 

1.095082 

0.989109 

0.908110 

0.795386 

0.724301 

0.678616 

0.648442 

0.627564 

0.612303 

0.600576 

(0.67057) 

(0.70927) 

(0.79364) 

(0.91811) 

(1.00091) 

(1.01581) 

(1.00478) 

(1.03322) 

(1.10191) 

(1.14291) 

(1.14366) 

(1.12018) 

( 1.08 984) 

(1.06262) 

1.744361 

-- 
1.401124 

-- 
1.094290 

-- 
0.909521 

0.795818 

0.724332 

0.678588 

-- 

0.627559 

-- 
0.600577 

1 

1.928620 

1.67 1485 

1.451786 

1.248990 

1.102634 

0.993824 

0.910896 

0.796085 

0.724420 

0.678636 

0.64845 1 

0.627570 

0.612307 

0.600579 

4 
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